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A.  XHTKODOCTZOM 

The  objteclv*  of  this  Phsso  1  effort,  tftt  to  develop  en  eapllfled  losni* 
noessey  which  could  detect  botullnel  neurotoxins  A.  S.  E  end  F  et  concentre* 
tlons  equlvelent  to  the  isouse  toxicity  essev  (l.e.  5  pc/al).  Rcesons  for 
doing  this  Included  the  likelihood  thet  such  en  essey  would  be  auch  shorter 
then  the  aouse  toxicity  (hours  rether  then  deys),  could  be  developed  for  field 
use.  end  would  be  substentlelly  aore  econoalcel  then  aouse  bloersay. 

The  epproech  which  wes  to  be  applied  to  this  problea.  wes  the  eapllfled 
laaunoessey  systea  developed  by  Elcetech.  This  systea  Is  based  on  the  ultra¬ 
sensitive  aeasureaent  of  coagulation-activating  proceases  by  generation  of  a 
solid-phase  enxyae- labeled  fibrin  aatrlx  (erzyae* linked  coagulation  assay,  or 
ELCA).  When  a  coagulation-activating  protease  Is  attached  to  an  antigen  or 
antibody,  then  the  very  sensitive  detection  of  this  labeled  conjugate  pemlts 
the  very  sensitive  detection  of  the  Isoune  coaplexes  foraed  In  various  assay 
protocols  (ELISA-ELCA) .  The  general  principle  of  this  laaunoassay  Is 
reflected  In  the  Figure  below. 


In  this  ease,  we  see  that  the  attaehaent  of  the  Factor  X-aetlvatlng 
enzyae  obtained  froa  the  venoa  of  the  Russell's  viper  (Russell’s  viper  venoa 
factor  X  activator,  or  RW-XA)  to  an  laaune  coaplex  and  Ics  subsequent  detec¬ 
tion  by  ELCA  pcralts  the  detection  of  laaune  eo^lex  foraatlon  by  enzyae- 
llnked  fibrin  deposition.  The  Halt  of  detection  of  laaune  coaplex  by  this 
technology.  Is  docuaented  to  be  at  a  level  of  less  than  50  featograas  per  al 
of  RW-XA.  or  a  concentration  of  5  X  10*>*  M.  By  coaparlson.  the  aouse  test 
can  detect  as  little  as  5  plcograas/al  of  neurotoxin,  which  Is  a  concentration 
of  3.6  X  lO'i*  M.  If  we  could  devise  en  laaunoessey  which  delivered  es  little 
as  1%  of  the  neurotoxin  as  lasmne  coaplex  with  RW-XA-labeled  reegents,  then 
It  would  be  reasonable  to  expect  that  we  could  detect  this  neurotoxin  at 
concentrations  equivalent  to  the  aouse  test.  Deaonstratlng  the  feasibility  of 
this  was  the  objective  of  the  Phase  I  effort. 

B.  TBCXMZCAL  ZUOBB 

The  technlcel  Issues  related  to  the  aocoapllshaent  of  this  goel  cen  be 
divided  Into  the  following  cetegorles: 

1.  Choice  of  antisera.  There  ere  7  known  neurotoxlns.  l.e.  A.B.C.D.E.F  and 
G.  which  are  laBunochealcally  distinguishable.  Of  these,  toxlr.i  A.B.E 
and  F  have  been  Involved  In  huaan  dlseese.  but  any  of  the  toxins  could 
potentially  be  a  threat  If  produced  In  sufficiently  lerge  aaounts.  USAN- 
RlID  aade  a  coaaltSMnt  to  producing  Isrze  aaounts  of  antibody  to  each  of 
these  toxins  In  horses  In  Deceaber  of  1x90.  Since  toxoid  laaunlzetlon  Is 
essential  for  the  prlaary  response,  the  booster  laaunlratlon  of  horses 
with  purified  neurotoxin  hes  only  recently  begun.  Production  of  hlgh- 
afflnlty  (l.e.  late-course)  antloodles  from  tnese  horses  which  are 
strongly  reactive  and  specific  for  Individual  neurotoxlns  Is  essential 
for  the  developaent  of  a  potent,  specific  laaunoassay.  On  the  other 
hand,  there  Is  a  horse  antlserua  evalleble  which  Is  froa  a  horse  laau- 
nlzed  ever  I  years  ago  (the  so-called  'First  Flight'  horse)  which  hes 


antibody  has  broad  potential  In  developaent  of  a  highly  specific  sssay. 
when  cowlned  with  the  specific  labeled  antibody  frua  the  Detrlck  horses 
laaunlzed  with  specific  Individual  neurotoxlns  end  now  producing  high- 
affinity  antllMdles. 

2.  Assay  protocol.  Ideally,  the  assay  should  be  slaple  to  perfora.  snd  the 
reagents  should  be  stable  enough  to  be  prectlcal  for  field  use.  The 
assay  systea  Is  colorlaetrlc.  so  the  posslblllry  of  producing  a  'color 
test^  for  botullnal  toxins  Is  central  to  the  potential  slapllclty  of  the 
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•yataa  (no  noad  for  InttruMncaclon) .  Vo  Bust  also  conaldor  a  way  of 
produclna  tost  klta  which  noad  ainlul  ■anlpulaclon  and  hava  alapllflad 
tnacructlona  so  that  It  can  ba  brought  out  of  tha  laboratory  If  potslbla. 

3.  SaruB  saaplas.  Slnca  ona  of  tha  USAKRIIO  prlorltlaa  la  to  hava  tha  capa* 
blllty  of  Boasurlng  toxin  In  aorua  saaplas  froa  toxin* Infactad  patlants, 
wa  would  wish  to  design  an  assay  which  could  aeasure  tha  toxin  lavals  In 
sarua.  Tha  assay  Is  basad  on  aaasuraaant  of  coagulation,  so  that  aaans 
that  tha  'background'  activity  of  sarua  protaases  oust  be  ellalnated  In 
the  assay. 

4.  Toxin  standards.  Naurotoxln  Is  a  part  of  tha  coaplex  which  CloMeridium 
botullnua  releases  Into  the  aadlua;  there  la  also  a  haaaglutlnln  coapo- 
nant.  At  the  start  of  those  studios,  wa  ware  assured  the  availability  of 
good,  potent  antisera  which  ware  coxln*spaclflc.  Since  there  were 
coaaarclally •available  toxins  available,  and  several  sources  for  the  pure 
and  food'concaalnatlng  toxins,  we  assuaad  that  tha  assay  design  would  not 
ba  coaproalsad  by  tha  standardization  of  the  assay  against  pure  toxin. 
This  was  a  problea  In  assay  developaent,  which  we  now  have  under  reason* 
able  control. 

C.  APPROACH  OREO  AMO  PRELIMIMARY  OAtA. 

Of  tha  protocols  triad,  wa  excerpt  several  relevant  experiments  which 
Illustrate  tne  problems  encountered  and  the  success  obtained  to  data.  They 
will  ba  presented  In  historical  sequence. 

1.  Assays  using  'first  Plight'  antissrua  azelusiwaly. 


The  use  of  'First  Flight*  antlsarua  was  thought  to  have  the  bast 
chance  of  a  universal  botullnal  toxin  tast,  since  It  had  reactivity  against 
all  tha  naurotoxlns  of  Interest.  The  high  affinity  to  ba  expected  froa 
this  hyperlaaunlzed  animal  had  great  potential  for  generating  a  suffl* 
clently  sensitive  assay.  The  oblectlve  Is  to  aeasurs  lew  concentrations  of 
antigen,  so  affinity  was  regarded  as  the  most  Important  property  for  an 
antlsarua  preparation. 


The  protocol  we  adopted  for  these  studies,  was  based  on  the  Idea  that 
saall  aaounts  of  coaplex  would  be  detectable  using  this  antlsarua  If  the 
plate  could  be  coated  with  a  higher  concentration  of  the  polyclonal* 
polyvalent  antibody,  and  If  the  unbound  labeled  antibody  could  be  washed 
out  efficiently.  To  accoapllsh  this,  we  coated  the  plate  with  'First 
Flight'  antlbo^  using  an  attachaent  protocol  based  on  binding  to 
polylyslne*glutaraldenyde.  Ve  have  found  this  to  be  superior  to  'passive* 
coating  In  other  experlaents.  This  was  also  tested  for  Botullnal  toxin 
assay,  and  found  to  be  the  case.  In  order  to  oprlalze  the  washing  of  the 
plate,  we  used  the  preparation  of  biotin* labeled  'First  Flight*  (Fab’)*  as 
the  labeled  antibody  In  solution.  This  reagent  was  used  rather  than  the 
Intact  IgC  molecule  or  the  RW*XA*conJugated  antibody,  because  In  our  expe* 
rlence  the  larger  conjugates  are  aore  difficult  to  wash  froa  the  plate,  and 
we  wished  to  use  the  labeled  antibody  In  excess.  Finally,  the  snake  venoa 
enzyae* labeled  streptavldln  (XW*XA*Sereptavldln)  was  incubated  with  the 
plate  with  the  Ab*Toxln*blotln*Ab  coaplex,  and  tha  washed  plate  was  assayed 
for  bound  RW*XA*streptavldln.  The  steps  In  this  reaction  sequence  are  as 
follows:  (note  that  washing  Is  required  between  each  step). 

1.  Flate* 'First  Flight*  Ab  ♦  Toxin  ♦  Blotlnyl*  'First  Flight  Ab . > 

Flats *Ab*TbxIn*Blot*Ab  (coaplexes  Blotlnyl*Ab  to  plate  via  toxin.) 

2.  Flate *Ab*Toxln*Blot*Ab  *  RW*XA*Streptavldln . > 

Flate *Ab*Toxln*Blot*Ab*RW*XA*Str  (RW*XA*Str  binds  to  coaplex.) 

3.  Flate *Ab*Toxln*Blot*Ab*RW*XA*Str  *  ELCA  subst  e  *FC*ntd>s* . > 

Alkaline  phosphatase* fibrin  Is  bound  to  'nubs* 


4,  *nubs*  are  placed  In  alkaline  phosphatase  substrate;  color  develops. 


» 


» 


» 


» 


» 


The  'nubs'  alludsd  to  abovs  vara  davalopad  for  cha  purposa  of  sarvic* 
ing  this  assay.  As  saan  in  tha  Figura  balow.  thay  ara  silicona  rubbar 
protrusions  wfkich  ara  fixad  in  tha  saaa  foraat  as  tha  nicrotitar  plata. 

%ay  ara  coatad  with  fibrinogan  and  than  lyophilizad.  Uhan  thay  ara  placad 
into  tha  nicrotitar  plata  along  with  tha  substrata  for  RW>XA  (consisting 
of  factors  II,  X.  V  and  alkalina  phosphataso' fibrinogan  in  a  calciua 
buffar)  tha  alkalina  phosphata-labalad  fibrin  dapositad  on  tha  'nubs'  is 
corralatad  with  tha  anount  of  toxin  conplax  fomad. 


tha  Figura s  balow  daaonstrata  tha  rasults  of  applying  this  protocol 
for  cha  naasurawant  of  toxins  A,  1,  E  and  F  using  cha  'First  Flight' 
raagancs.  It  appaarad  chat  chara  was  a  high  dagraa  of  spacificicy  and 
raasonabla  sansicivicy.  Givan  chat  chasa  assays  had  a  liaic  of  dataccion 
of  as  liccla  as  SO  pg/al  of  cha  UAKO  toxins,  for  which  33 -SO  pg  was  cha 
HLOjo.  cha  goal  of  assaying  Cha  toxin  at  appropriata  lavals  saanad 
straightforward . 


Having  this  assay  working,  wa  chan  aCCanpead  to  apply  it  to  tha 
naasurananc  of  food  sanplas  eontaninatad  with  toxin,  in  collaboration  with 
Kraft  Canaral  Foods.  Ua  found  chat  cha  prasanca  of  toxin  was  dataccabla  in 
all  cha  eontaninatad  food  sanplas  darivad  fron  challanga  studias.  Howavar, 
wa  aneountarad  1/24  food  sanplas  in  which  thara  was  no  toxin  by  cha  'nousa 
cast',  no  C.  boeulinum  was  inoeulacad  into  cha  sanpla  bafora  procassing, 
and  thara  was  tha  highast  assay  result  by  this  innunoassay.  Tha  only 
logical  conclusion  fron  this  work,  was  that  thara  was  anochar  contaninant 
in  tha  food  sanpla  against  which  cha  'First  Flight'  horsa  had  raised 
antibodias.  Thus,  although  cha  sansicivicy  saanad  to  ba  naarly  as  good  as 
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th«  'BOutc  test' ,  the  specificity  derived  from  this  vhole  encisenia  did  not 
eppeer  to  be  edequete  for  the  purposes  of  developing  e  specific  essey  which 
could  be  used  for  toxin  detection  without  eabiguity. 

Another  potentiel  problee  with  the  ‘First  Flight'  horse,  wes  the  feet 
thet  it  wes  iwBunised  with  ell  the  toxins.  It  wes  therefore  unlikely  thet 
it  could  be  the  besis  of  toxin-specific  esseys.  To  resolve  both  of  these 
problees,  we  essuned  thet  the  use  of  the  horses  begun  on  ianunixetion 
regiaens  with  individual  neurotoxoids  in  Deceaber  l990  would  yield  useful 
discriainetory  reegents,  end  optiaelly  would  have  some  antisera  which  did 
not  show  reactivity  in  conaon  with  the  'First  Flight'  horse  with  food 
contaainants .  Also,  we  considered  that  we  aight  need  to  develop  assays 
based  on  the  purification  of  the  antibodies  on  neurotoxin  coluans,  since 
this  would  likely  give  the  appropriate  specificity  for  the  assay. 

2.  Assays  using  biotinylatsd  'First  Flight'  antibody  to  naa- 
sura  Ab  titar 

When  the  first  bleedings  were  obtained  froa  the  horses  iaaunized  in 
Deceaber,  and  they  were  found  to  have  produced  highly  potent  neutralizing 
antisera,  achieving  titers  in  the  thousands  for  soae  horses  iaaunized  with 
toxin  A.  These  results  strongly  suggested  that  they  would  be  the  ideal 
aniaals  to  use  for  assay  developaent.  One  reason  for  hoping  that  they 
would  react  with  distinct  environaental  antigens  and  so  would  be  usable  for 
these  assays  was  that  the  horses  were  kept  in  a  coapletely  different  envi- 
ronaent  than  the  'First  Flight'  horse. 

The  first  assay  we  needed,  was  one  in  which  we  could  coapare  the 
ELCA-based  aeasureaent  of  toxins  for  the  different  antisera  obtained.  In 
Hatch,  a  collection  of  bleedings  were  aade  of  the  iaaunized  horses,  and 
saaples  of  these  were  sent  to  us  to  use  in  assay  developaent.  Since  we  had 
the  biotinylated  'First  Flight'  entibody  (Fab' >2,  we  set  up  the  assay  to 
use  the  purified  entibodies  bound  to  the  plate,  end  deterained  toxin- 
specific  reactivity  by  adding  toxin  and  Biotinylated  'First  Flight'  anti¬ 
body,  then  proceeding  exectly  es  described  in  the  protocol  ebove.  In  this 
cese  we  used  varieble  concentrations  of  antibody  coating  the  plete,  end  a 
single  concentration  of  each  toxin  (2  ng/al).  ibe  table  below  shows  the 
neutrelizetion  titers  for  the  entisere  used;  the  figures  show  the  coapere- 
ble  titers  by  ELISA-ELCA,  for  four  of  the  specific  antibodies  as  well  as 
the  'First  Flight'  antibody.  Note  that  these  data  are  with  entibodies 
purified  by  ion-exchange  chroaatoaraphy  froa  each  antiserua,  so  chat  the 
conesntracion  of  antibody  in  coating  is  not  only  specific  antibody.  Detec¬ 
tion  of  as  little  as  10  ng/well  of  antibo^  aeans  that  the  antibody  was 
diluted  approxiaacely  100, 000- fold  with  100^1  of  diluted  IgC. 


Neutralization  titers  for  'First  Flight'  antibo^  as  well  as  four  aono- 
valent  antisera.  'First  Flight'  was  obtained  after  a  booster  injection 
in  January;  aonovalent  antisera  were  bleedings  of  Narch  1991. _ 


Antisenas 

Tox  A 

Tox  B 

Tox  E 

Tox  F 

'First  Flight' 

2620 

146 

1425 

81 

Monovalent  As 

2032 

138 

205 

397 

(Horse  •) 

(57) 

(65) 

(71) 

(16) 
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Th«  data  is  Intarastlng  whan  tha  'First  Flight'  antibody  is  cooparad 
with  tha  rast  of  tha  antisara.  Tha  titar  of  tha  'First  Flight'  antibody 
for  nautralization  was  aquivalant  for  toxins  A  and  B,  highar  for  toxin  E, 
and  lowar  for  toxin  F.  Tha  titar  was  roughly  aquivalant  or  slightly  lass 
whan  coaparad  by  *LISA*EIXA.  Nota  that  2  ng/al  of  antigan  was  usad  in 
thasa  assays,  whien  is  about  2  ordars  of  aagnituda  highar  than  tha  'targat 
ranga'  of  9<90  pg/al  for  an  aaplifiad  ELISA  using  this  systaa. 

This  was  a  convaniant  ranga  for  tha  assay  sinca  it  gava  a  high  signal 
at  low  antibody  coneantrations ,  but  it  say  hava  hiddan  tha  fact  that  tha 
toxin  coneantrations  which  could  ba  aassurad  would  ba  ralativaly  high  using 
thasa  aarly  blaadings.  In  fact,  wa  workad  for  soaa  tiaa  varying  conditions 
to  try  to  gat  a  spacifie  assay  davalopad  using  thasa  raagants,  and  wara 
unifonly  unsuccassful .  Va  wara  abla  to  gat  usabla  assays  for  tha  ranga 
>200  pg/al,  but  wara  unabla  to  gat  highar  sansitivity  assays. 


3.  Assays  using  vhols  lats<-oourss  antisara. 


Va  obtainad  latar-coursa  antisara  in  lata  suaaar  1991;  thasa  antibo* 
dias  provad  to  ba  of  usa  in  aaplifiad  assays  for  toxins,  as  saan  in  tha 
Fifura  balow.  Tha  protocol  usad  in  this  assay  was  idantical  to  chat  shown 
abova  for  tha  'First  Flight'  antibody,  axcapt  that  tha  ralavant  antibody 
was  usad  both  for  'captura'  as  wall  as  biocinylatad  for  daCaction. 
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Aeeoy  or  torina  A-l-C-r  ueing  CUSA-CLCA.  Wetlnyt-Aa  or4 
coaiuro  M  were  both  monovalent  ontlbedias  oOtolned  In  Auf  1MI 
Teane  uaoO  were  tWKO  toi'me.  Cspt  Sept  26.  1$S1. 


As  csn  bs  ss«n,  tha  Toxin  A  assay  approachad  tha  laval  of  10  pg/ml  of 
whola  toxin,  or  l.S  pg/wall  In  this  assay.  At  this  point,  wa  did  not 
discrixinata  batwaan  toxin  and  hamaglutinin  raactivi^.  UAKO  listad  its 
toxicity  as  2  X  10^  MLOjo/mg,  or  an  MLDjo  at  .50  pg.  TOis  is  consistent 
with  about  10'20%  of  tha  U&O  toxins  baing  naurotoxin.  If  wa  wantad  to 
prasant  tha  bast  possibla  intarpratation  of  thasa  results,  shifting  the 
scale  of  this  assay  ona  order  of  sagnituda  down  would  not  have  bean 
unreasonable,  if  wa  wanted  to  adjust  tha  scale  to  the  HIDjo-  However,  wa 
note  that  tha  horses  ware  not  all  ioMunizad  with  pure  naurotooxoid,  so  tha 
antigen  concentration  is  accurately  raflaetad  on  tha  graph.  As  wa  work  to 
■aka  the  assay  naurotoxin- specific,  wa  can  assuM  that  wa  will  have  to 
achieve  a  sensitivity  of  5-10  pg/al  for  antigen,  so  protocols  snist  deliver 
this  sensitivity.  Note  that  the  toxin  E  reactivity  was  soaawhat  lower  in 
this  assay,  so  tha  use  of  thasa  hyparinauna  (<1  year)  antisera  did  not 
appear  able  to  achieve  the  desired  sensitivity. 

4.  Logio  for  isolatia?  roagoats  for  tho  assay  by  affiaity 
ehroaatography  oa  toxia-agarosa  eoliwas. 

Wa  concluded  chat  it  would  be  necessary  to  purify  Che  antibodies  used 
for  the  assay  by  ianunoabsorpcion,  since  wa  were  not  able  to  achieve  the 
desired  sensitivity  bv  using  the  whole  antisera.  Our  original  attaapc  to 
get  high  sensitivity  by  using  the  aaplification  svscea  with  whole  antisera 
was  axcraaaly  opcisistic,  given  the  situation  wicn  botulinal  toxin  isauni- 
zation. 

Aniaals  isaunizad  against  boCulinua  toxoid  are  not  'boosted'  with  the 
pure  toxin  until  soaa  ciaa  after  receiving  the  initial  ianunization.  They 
are  therefore  ianunlzad  with  a  protein  (toxoid)  which  reseables  the  pure 
toxin,  but  antibodies  raised  against  it  will  likely  be  only  'cross- 
reactive'  with  the  naurotoxin.  This  cross -reactivity  aay  be  adequate  to 
bind  CO  Che  toxin  when  it  is  injected  along  with  Che  antibody  at  a  toxin 
concentration  of  50-100  pg/al  into  a  aousa,  and  thereby  prevent  its  distri¬ 
bution  CO  Che  nervous  syscea.  It  aay  not  be  adequate  at  early  stages  after 
laBunizacion  to  affectively  bind  the  antigen  to  a  aicrociCer  place  at  a 
concentration  of  10  pg/al. 

Since  antigen- antibody  coaplexes  are  reversible  end  there  are  several 
washing  steps  in  the  protocol  for  aeesuroaenc  of  toxin  by  ELISA-ELCA, 
reversibility  of  the  coaplex  would  effectively  eliainate  it  froa  the  place 
if  the  antibody  is  of  low  affinity.  Note  that  Che  use  of  strepcevidin- 
RW-XA,  in  particular,  would  lead  Co  dissociation  during  the  3u  ainute 
incubation  ciaa  needed  to  bind  this  conlex  Co  the  biocinyl- antibody, 
followed  by  additional  washing  steps.  The  objective  in  purifying  cne  spe¬ 
cific  antibody  was  therefore  not  only  to  increase  the  aaounc  of  specific 
reagenca  which  could  bind  the  antigen,  but  also  to  aake  possible  an 
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cltornatlv*  protocol  using  RW*XA*lsbolod  antibody  which  had  som  potential 
In  laprovlna  tha  rstsntlon  of  tha  coaplax  on  tha  plata  bacausa  raduced 
washing  would  ba  raqulrad.  This  altamatlva  protocol  would  ba  as  follows: 

1.  Plata-Ab  +  Toxin  +  RW-XA-Ab . >  Plata •Ab*Toxln*RW-XA-Ab  (coa- 

plaxas  RW*XA-Ab  to  plata  via  toxin.) 

2.  Plata •Ab*Toxln*RW-XA-Ab  +  ELCA  subst  +  'PG-nubs' . > 

Alkallna  phosphatasa- fibrin  la  boutid  to  'nubs' 

3.  'nubs'  ara  placad  In  alkallna  phosphatasa  substrata;  color  davalops. 

This  protocol  should  ba  affactlva  If  tha  RW*XA  was  dlractly  conju' 

gatad  to  tha  antibody,  or  If  the  RW-Straptavldln  was  added  dlractly  to  tha 
lotlnylatad  antibody  before  Incubation  In  the  plata.  In  either  case,  only 
labeled  specific  antibody  la  present  In  the  plata.  This  Is  not  possible  by 
dlractly  labeling  whole  antisera  antibody,  since  high  concentrations  of 
large  coaplaxas  would  have  a  tendency  to  bind  avidly  to  the  plate,  and  It 
would  be  much  more  difficult  to  wash  Irrelevant  complexes  from  the  plate. 

It  should  have  the  particular  advantage  for  the  assay  of  eliminating  a 
washing  step  and  reducing  the  background  activity  of  the  assay. 

5.  Praparation  of  absorbents  from  WAXO  toxins. 

Ue  purchased  toxins  A,  B,  E  and  F  from  WAKO.  These  preparations  are 
known  to  contain  hemaglutlnln  as  well  as  neurotoxin.  1  mg  of  each  was 
attached  to  a  type  of  column  which  allows  little  'leaching'  of  bound  pro* 
tain  (Pierce  Chemical  Company  'Amlnollnk'  gel),  and  antibody  was  purified 
from  each  of  the  late-course  antisera  obtained  from  Oetrlck. 

First,  we  used  these  purified  antibodies  In  an  assay  for  toxin,  using 
a  protocol  tlsllat  to  that  above,  l.e.  binding  of  blotlml  antibody,  wash* 
Ing,  binding  of  RW*XA*Streptavldln,  assay  ELCA.  When  this  was  done,  the 
data  In  the  Figures  below  was  obtained.  A  plateau  of  readings  In  the 
10*100  pg/ml  range  seemed  to  apgly  to  all  the  purified  antibody *based 
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These  data  suggested  that  the  assay  could  deliver  higher  sensitivity 
than  the  unabsorbed  antisera.  On  the  strength  of  this,  we  tried  the 
alternative  protocol  of  the  RW*XA*Streptavldln*Blotlnyl  Ab  complex  added 
together  rather  tha.i  sequentially.  In  this  case,  we  were  able  to  get 
highly  sensitive  assays  for  toxins  A'B*C.  These  are  represented  In  the 
Figure  below. 
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AMoy  of  tosint  A-B-C  using  ELISA-ELCA.  8lotln-Afi  ond 
eoptur*  Ab  war*  both  offinity-purifiad  and  poolad  for  oasoy. 
Toxina  uaad  «ara  WM<0  ioiina.  Cipt  Nov  17,1  SST 
nw-XA-Straptdvidtn  and  B(otinyl-Ab  wana  Incub.  toQa1her_ 


S.  T«at  of  affinity-purifiod  antibodias  on  food  aamplas  and 
at  Fort  Da trick. 

On  ch«  scrangth  of  thfr;,  we  went  firsc  co  Krefc  General  Foods,  to 
decemlne  whether  this  assav  could  detect  contaminated  food  samples  in 
challenge  studies.  It  was  able  to  do  this,  with  24  samples  half  of  which 
were  contaminated  with  C.  botullnum  In  challenge  studies;  at  dilutions  as 
high  as  lOO'fold,  these  samples  showed  the  exact  pattern  expected.  12 
samples  which  were  positive  by  mouse  test,  were  positive  by  ELISA-ELCA 
assay;  twelve  sanies  which  were  negative  by  the  mouse  test  were  negative 
by  ELISA-ELCA.  The  experience  of  our  using  the  'First  Flight*  antibody  • 
l.e.  the  appearance  of  the  single  false  positive  sample,  was  not  repeated 
In  this  series. 

This  result  was  very  encouraging,  and  on  the  strength  of  It,  we  went 
to  Fort  Detrlck  to  attempt  to  run  the  assay  there,  In  December  1991.  An 
auxiliary  Issue  which  we  especially  wanted  to  resolve,  was  the  question  of 
the  correlation  of  the  a'say  with  the  presence  of  neurotoxin,  since  all  our 
standardization  was  wlr'  the  'UAKO*  toxin  preparations.  WAKO  toxin  stan¬ 
dards  were  known  to  consist  of  neurotoxin  and  hemaglutlnln,  and  so  we  did 
not  know  whether  the  antibodies  we  purified  were  reactive  with  both 
proteins,  or  preferentially  reactive  with  one  of  them.  The  result  of  this 
visit,  was  that  vs  demonstrated  a  strong  preference  of  reaction  with  the 
hemaglutlnln  cosiponent  of  toxins  A,  B  and  E,  Pure  neurotoxin  was  not 
reactive  In  these  .'.ssays,  but  the  'crude'  toxin  was.  For  toxin  F,  we  were 
able  to  get  an  assay  to  work,  but  It  was  less  sensitive  In  this  first 
experiment  than  we  had  found  It  to  be  at  Elcatech.  This  was  of  less 
concern  to  us  than  the  toxin  specificity  Issue  at  that  point.  (Sensitivity 
could  have  been  related  to  Instability  of  reagents  to  transport,  first 
setup  In  a  different  lab,  etc.) 

We  noted  that  the  toxin  F  obtained  from  VAKO  had  a  molecular  weight  of 
140,000,  which  was  appropriate  for  neurotoxin,  while  the  toxins  A,  B,  and  E 
were  HV  500,000.  This  difference  Indicated  that  the  toxin  F  was  purified 
neurotoxin,  while  toxins  A,B  and  E  were  complex.  Based  on  neurotoxin 
reactivity  (KLO50  *  S-10  pg) ,  absorbents  made  from  the  complex  would  con¬ 
tain  at  most  about  200  micrograms  of  toxin  In  1  mg  of  complex.  The  anti¬ 
body  purification  would  not  remove  most  of  the  neurotoxln-speclflc 
antibody,  and  would  likely  contain  a  preponderance  of  hemaglutlnln-speclflc 
antibody.  The  F  toxin,  being  all  neurotoxin,  was  able  to  purify  more  of 
the  specific  antibody,  so  the  assay  worked  using  this  afflnlty-purlfled 
antibody.  A  further  confirmation  of  this  Interpretation,  was  the  finding 
that  we  were  able  to  measure  'crude*  toxins  In  this  assay  while  at  Detrlck. 
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In  our  vl«w,  tha  aost  sensible  way  Co  solva  cha  oroblea  was  to  purify 
the  antibody  Co  be  used  In  the  assay  on  neuroCoxln  coluans.  In  this  case, 
hemagluclnln  reacclvlcv  would  be  allalnaced  during  the  absorption,  and  the 
Isolated  antibody  should  be  usable  for  aapllfled  assays  If  It  was  froa 
lace*course  antisera. 

7.  of  'First  Flight'  antibody  as  a  eaptura  rsagsnt. 

Va  wished  to  deceralne  whether  It  would  ba  possible  to  have  a  aore 
efficient  (l.e.  lass  expensive)  way  to  'capture’  cha  coaplexes  chan  use  of 
afflnlcy>purlfled  antibody.  For  this  purpose,  we  ratumed  to  the  'First 
Flight*  antibody,  which  was  able  to  bind  with  high  affinity  to  all  the 
naurocoxlna  of  Interest.  Ue  used  this  as  a  'capture'  anclDody,  and  tested 
Che  binding  of  the  WAKO  toxins,  using  afflnlty-purlfled,  RW-XA- labeled 
antibody  (not  blotlnyl-Ab*RW-XA-Streptavldln  coaplexes).  Ue  found  that 
this  coablnaclon  was  able  to  detect  low  concentrations  of  these  coxln- 
heaaglutlnln  (UAKO  toxins)  coaplexes,  as  seen  In  the  Figure  below. 

Aatoy  of  toxin*  A-B-C-r  u*tng  EUSA-'CLCA  RW-XA-Ae 
affmity-purifisd:  coptur*  ontibo^  wo*  'Fir<t  Flight'  antibody. 

Toxin*  used  were  WAkO  toxin*.  Cxpt  Feb  0.  1902. 


Uhlla  this  was  not  a  neuroCoxln>speclf Ic  assay.  It  did  deaonscrate 
chat  Che  appropriate  sensitivity  assay  could  ba  developed  using  such  a 
coablnaclon  (hl^*aff Inlcy  anclserua  IgC  for  capture,  aff lnlcy>purlf led 
antibody  labeled  In  solution). 

•.  Preparation  of  naurotoxia  X  absorbaat  and  uso  for  antibody 
isolation. 

In  order  to  cast  the  other  coaponent  of  the  solution  to  assay  davelop- 
aent,  l.a.  cha  purification  of  nauroCoxln>spaclflc  antibody,  wa  want  to 
Dacrlck  In  January,  to  use  1  ag  of  naurotoxln  In  preparation  of  a  specific 
absorbent  coluan.  This  coluan  was  tested  at  Detrlck  for  cha  separation  of 
naurotoxln- specific  antibodies,  using  standard  ELISA  protocols  on  toxin- 
coated  plates,  and  was  found  to  purity  Che  specific  antibody,  although  It 
did  not  efficiently  reaove  all  of  It  froa  anclsarua.  This  coluan  was 
brought  back  to  Elcatech,  and  used  to  purify  aora  ancl-coxln  E  I^,  which 
was  saparaced  on  G-200  to  ellalnaca  any  coaplexes  or  IgH  froa  cha  antibody. 
Ic  was  biotinylated,  and  used  In  several  toxin- specific  assays. 

f.  Vaurotoxia  B>sp«eifio  assays  using  tbs  sluats  froa  Dstriok 
asurotoxia 

First,  wa  aCCeapeed  to  use  cha  aluaCa  froa  Che  Detrlck  Toxin  E  coluan 
In  an  assay  of  a  freshly-prepared  dilution  of  toxin  E.  For  this  purpose, 
we  used  Che  two-staga  assay  described  In  cha  protocol  above.  In  wnlcti  the 
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Coxln  It  bound  to  tho  blotinylttod  antibody,  oxcott  antibody  is  washed  off, 
and  KW'XA-Streptavidin  is  added  to  the  plate  for  30  ninutes,  washed  and 
EIXA  assay  is  parforaad.  The  toxin  we  used  was  obtained  froa  DatCupta  at 
the  University  of  Wisconsin,  stabilized  at  0.625  is^al  in  annoniun  sulfate 
suspension  at  0^.  This  toxin  was  diluted  just  before  use  to  the  indicated 
concentrations,  and  assayed  on  plates  coated  with  'First  Flight*  antibody. 
The  results  clearly  showed  that  the  assay  was  able  to  detect  toxin  E  at 
concentrations  as  low  as  10  pg/nl  froa  tnis  freshly-prepared  Daterial. 

Ajtoy  of  toidn  C  using  EUSA-ClCA.  Toxin  u«od  wos  frosniy- 
4llut*e  toiin  E  obloineO  from  Dos  Cupto.  Diotin-Ab  vos 
purKisd  on  0  column  of  toxin  C— ogorots  obtoinod  from 
Fort  Ootrlek.  Exportmant  of  Fsp  14.  1092. 


The  'raw*  data  obtained  in  this  experioent,  was  as  follows: 


Tox  E  conen  (pg/al) 

6250 

2083 

694 

231 

77 

25.7 

8.6 

0 

OD)5o*ODtio 

.442 

.342 

.217 

.184 

.108 

.039 

.028 

.005 

Controls  included  use  of  neurotoxin  F,  which  did  not  react,  and  a 
coopanion  experioent  using  biotinylated  affinity-purified  anti-toxin  F, 
which  did  not  react  with  the  toxin  E  preparation.  This  result  suggests 
that  the  assay  was  effective  in  oeasuring  toxin  at  the  appropriate 
concentrations  in  freshly-diluted  saoples  of  toxin.  By  inference,  this 
suggests  that  denaturation  of  toxin  used  in  generation  of  standard  curves 
was  a  confounding  and  hitherto  uncontrolled  variable.  Some  work  will  be 
required  to  deteroine  optioal  conditions  for  storage  of  toxin  standards  to 
be  used  for  aaplified  ianunoassay. 

10.  BLCA  substrat«s;  ation  of  clotting  factors. 

At  the  start  of  this  project,  the  only  clotting  factors  we  had  pre* 
pai  'd  were  froa  huaan  plasaa,  and  these  were  used  for  all  the  initial  assay 
on  .‘if’ulinal  toxin.  The  labeling  enzyme  used  in  this  work  is  Russell's 
viper  venoa  factor  X  activator  (kW-XA),  which  is  able  to  activate  the 
factor  X  to  Xa  froa  any  manaalian  and  avian  species  tested.  This  stands  in 
contrast  to  the  known  physiological  activation,  since  hunan  factor  Xa  is 
very  inefficient  in  activation  of  coagulation  in  avian  species. 

There  are  several  reasons  for  not  using  huaan  clotting  factors  in 
assays  for  botullnal  toxin  in  huaan  patient  saaples.  First,  the  use  of 
these  factor  preparations  with  serua  saaples  has  the  potential  for  spurious 
activation  of  clotting  unrelated  to  the  presence  of  botulinal  toxin.  Sec¬ 
ond,  there  is  the  potential  for  contamination  of  the  plasaa  with  huaan 
viruses,  and  their  persistence  after  purification.  Third,  there  is  the 
expense  of  huaan  plasaa  and  tho  special  handling  requlreoents  to  purify 
clotting  factors  froa  it  and  include  them  in  test  kits. 


(S) 


•  • 


Pm* 


Itw**  t'lat  Ttsla 


For  th«s«  rcasona,  wa  attaaptad  to  tat  up  tha  assay  usln(  purlflad 
bovlna  and  duck  clotting  factors.  Plataa  usad  for  starting  aatarlal  for 
both  of  thasa  was  obtalnad  froa  local  slaughtarhousas .  In  tha  casa  of  tha 
duck  plasaa,  It  took  soaa  tlaa  to  collact  anough  blood  to  prapara  plasaa, 
and  tna  starting  aatarlal  showad  soaa  contaalnatlon  with  actlvatad  clotting 
factors.  In  tha  casa  of  bovlna  plasaa,  blood  collection  was  auch  aora 
rapid,  and  we  were  able  to  completely  prevent  the  activation  of  coagulation 
by  rapidly  cooling  the  blood  and  adding  high  concentrations  of  appropriate 
Inhibitors.  For  this  reason,  tha  bovlna  blood  yielded  clotting  factor 
preparations  which  had  no  background  activity. 

By  use  of  tha  appropriate  controls,  all  three  sources  were  able  to 
yield  substrates  for  ELCA  assay  which  could  measure  RW>XA  at  concentra¬ 
tions  of  50-150  famtograms/al  (.05-. 15  pg/nl).  At  this  level  of  sensitiv¬ 
ity,  if  1%  of  tha  botullnal  toxin  was  bound  to  a  mlcrotltar  plate  In  tha 
fora  of  a  toxln*RVV-XA-Ab,  It  would  be  datactabla  by  ELCA  assay.  Since  all 
three  of  tha  plasma  sources  are  able  to  deliver  this  sensitivity.  It  will 
be  possible  to  develop  a  sensitive  assay  which  showed  no  activation  by 
human  clotting  factors  present  In  serum  samples  (duck  or  chicken  clotting 
factor  mix)  or  which  would  yield  more  rapid  assays  by  use  of  high  concen¬ 
trations  of  clotting  factors  without  background  activity  (bovlna  clotting 
factors).  If  we  make  a  later  preparation  of  chicken  clotting  factors  which 
show  less  background  activity,  the  appropriate  specificity  and  rapidity 
should  be  achievable  with  a  single  substrate  source. 


D.  CONCLUSIONS  RND  SUKKAXY 


In  this  project,  we  set  out  to  demonstrate  the  feasibility  of  tha  ELISA- 
ELCA  system  for  measurement  of  C.  botullnum  toxins  at  concentrations  equiva¬ 
lent  to  the  mouse  test.  At  this  point,  we  have  demonstrated  this  sensitivity 
In  selected  cases,  using  labeled  affinity-purified  antibodies  and 
hlgh-afflnlty  antisera  lor  'capture'  of  complexes.  We  have  also  shown  that 
the  assay  can  be  used  with  relatively  crude  samples,  l.e.  those  obtalnad  froa 
food  processing  challenge  studies. 

We  are  committed  to  the  application  of  this  assay  system  to  measurement 
of  C.  botullnum  toxins,  and  plan  to  bring  this  through  AOAC  (Association  of 
Official  Analytical  Chemists)  approval  for  general  use  In  botullnal  testing. 
During  this  effort,  the  goal  will  be  standardization  of  the  procedure  with 
respect  to  protocol,  preparation  of  reagents  In  'kit'  fora,  and  application  to 
antiserum  testing  for  affinity  and  specificity. 


ilty  and  specificity. 
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